In the present study, free radical induced graft-copolymerization of natural cellulosic 16 polymers (Grewia optiva) has been carried out to develop the novel materials meant for 17 green composites and many other applications. During the graft copolymer synthesis diverse 18 reaction parameters that significantly affect the percentage of grafting were optimized. The 19 structural, thermal and physico-chemical changes in the natural cellulosic polymers based graft 20 copolymers have been ascertained with scanning electron micrography, Fourier transform 21 infrared spectroscopy, thermogravimetric analysis (TGA) and swelling studies. The 22 swelling studies of the grafted cellulosic polymers have been carried out in different solvents to 23 assess the possible applicability of these natural polymers. Green composites were also prepared 24 using raw/ grafted cellulosic polymers. It has been found that grafted polymers (Grewia optiva) 25 based green composites gives better tensile properties than the parent natural cellulosic polymers 26 based composites. 27 28
INTRODUCTION 31
Synthetic polymers are one of the most wonderful materials developed by human being 32 during the last century that have innovated the research in various fields due to their better 33 performance and ever increasing demand ( In the present communication, we report our studies on the graft copolymerization onto 70 natural cellulosic fibers (Grewia optiva) using vinyl monomers for green composites 71 applications. Different reaction parameters such as initiator, concentration of monomer, reaction 72 time, temperature and solvent were evaluated, to get the optimum percentage of grafting. The 73 natural cellulosic fibers based graft copolymers were characterized by different characterization 74 techniques. The existing literature has revealed scanty information on the graft copolymerization 75 of vinyl monomers onto surface modified natural cellulosic polymers (Grewia optiva fibers) 76
and their application as reinforcement for green composites applications (Thakur, Singha, & 77 Thakur 2012a, c, d; Thakur, Thakur, & Gupta 2013a, e). Grewia optiva has been known as a 78 multipurpose tree species in Himalayan region (Thakur, Singha, & Thakur 2012a, c, d; Thakur, 79
Thakur, & Gupta 2013a, e). It is a small to medium -sized deciduous tree that grows to 9 -12 m 80 in height with smooth, pale silvery -brown branches (Singha & Thakur, 2012) . The bark of this 81 plant has been generally found to be dark brown, thick and roughish. Scheme 1(a, b) shows the 82 photographic images of the Grewia optiva plant and its fibers after extraction (Singha & Thakur, 83 2012) . The fibers in this plant are located in the bast. It is used for a number of applications 84 starting from fodder, fiber, nutritional, medicinal material etc., (Thakur, Singha, & Thakur 85 2012a, c, d; Thakur, Thakur, & Gupta 2013a, e). Cellulosic fibers obtained from the Grewia 86 optiva plant generally contain cellulose, hemicellulose and lignin in the ranges of (58 -75 %; 10 87 -12 %; 7 -12 %) respectively (Singha & Thakur, 2012) . 88
Recently we have reported some of our studies on graft copolymerization of Grewia 89 optiva fibers using different techniques as well as on the preparation of green composites 90 
Graft copolymerization 108
The graft copolymerization reaction was initiated by immersing the appropriate amount 109 of Grewia optiva fibers in a definite amount of distilled water for 24 hours. The polymerization 110 reaction was subsequently preceded in a preheated water bath at the desired temperatures by the 111 addition of certain amounts of initiator (KPS) and monomer (MMA). Different reaction 112 parameters e.g. time, amount of solvent, temperature, initiator and monomer concentration were 113 optimized by varying one parameter while keeping other constant to get the maximum 114 percentage of grafting ( Fig. 1) . 115
The true percentage grafting (Pg) was calculated as per procedure reported earlier (Thakur, acetone in a Soxhlet extraction apparatus for 50 hours. The graft copolymers free from 119 homopolymer were then allowed to dry in an air oven at 60°C, until constant weight. Grewia optiva back-bone. The graft copolymerization of MMA onto Grewia optiva fibers was 179 carried out from 40 to 70°C and the results are shown in Fig. 1c . It is obvious from the results 180 that the % grafting was increased with increasing of reaction temperature from 30 to 60°C and 181 further increasing of reaction temperature led to a decrease in grafting which may be due to 182 supplementary homopolymerization at high temperature and disintegration of graft copolymers 183 and is reasonable for a free radical polymerization (Thakur, Singha & Thakur 2012a-c; Thakur, 184 Thakur & Gupta 2013a-d). Fig. 1d illustrates the effect of initiator (KPS) concentration on the 185 percent grafting onto Grewia optiva fibers. It may be observed form the Fig.1d 
Structural characterization of graft copolymerization onto natural polymers 203
The presence of the MMA onto the Grewia optiva fibers was determined by FT-IR 204 spectroscopy, prior to and after graft copolymerization. Fig. 2 (a-b) show comparative spectrums 205 of the raw and MMA grafted Grewia optiva fibers. Fig. 2 (a) shows the parental peak of OH 206 groups in the FTIR spectra at 3100 -3500 cm -1 which is due to the bonded hydroxyl groups. 207
The other peaks in the region 1350 -1470 cm -1 and at 1734 cm -1 can be assigned to for the C-O 208 ring of lignin and carboxylic groups of pectin and hemicellulose present in the raw cellulosic 209
Grewia optiva fibers. Fig. 2 (b) on the other hand, show some new peaks with an additional 210 peak with much higher intensity at 1732cm -1 confirming the presence of the poly (MMA) 211 chains grafting onto Grewia optiva fibers. Scanning electron microscopy was used to visualizing 212 the surface of the Grewia optiva fibers prior to and after to graft copolymerization 213 synthesis. Fig. 3 (a-b) depicts the images of the raw and MMA grafted cellulosic fiber surface. 214
Visual examination of these images shows the incorporation of MMA monomer onto the 215 then weighed, and the percentage weight loss/ gain were determined (Fig. 6 a, b) . The increased 236 chemical resistance behavior of the grafted fibers is due to blockage of active sites vulnerable to 237 the chemical attack by poly (MMA) on the Grewia optiva polymer backbone resulting in more 238 resistance towards the chemicals. 239 240
Mechanical characterization of Grafted/ ungrafted fibers reinforced composites 241
For the preparation of green composites, Phenol -Formaldehyde polymer resin was used 242 as the matrix, and synthesized by the condensation of phenol with formaldehyde contains 243 hydroxyl groups as per standard method (Thakur, Singha & Thakur 2012a ). Subsequently, green 244 composites were prepared using both the grafted/ ungrafted fibers as reinforcement in particle 245 form, and evaluated for their tensile strength properties. It is evident from Fig. 7 that green 246 composites reinforced with natural grafted Grewia optiva fibers, showed better tensile strength in 247 comparison to parent polymer matrix as well as raw fibers reinforced composites. In polymer 248 composites, to achieve good fiber reinforcement, interfacial strength between the reinforcement 249 and the matrix play a significant role ( 
